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Introduction
Arthroscopy is the most common surgical procedure for 

the diagnosis and treatment of orthopedic shoulder pathology 
and generally performed as an outpatient procedure rather 
than open surgery due to minimal invasive properties and low 
risk of morbidity (1). Shoulder arthroscopy can be performed 
under general anesthesia (GA), peripheral nerve block, or a 

combination of both techniques. Patients are positioned in either 
beach-chair position (BCP) or lateral decubitus position. The 
BCP has became more popular than lateral decubitus position 
because of better visualization of the joint, lower incidence of 
neurovascular complications, and easier conversion to open 
surgery (2). Common complications of shoulder arthroscopy are 
traction injuries in the brachial plexus, extravasation of irrigation 
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Aims: The beach-chair position (BCP) imposes a risk to cerebrovascular hypoperfusion 
due to deep hypotensive events (DHEs) which may progress to catastrophic neurological 
complications. However, a controlled hypotensive anesthesia (CHA) management is often 
required for arthroscopic shoulder surgery to reduce blood loss and to improve visibility of 
surgical field. The aim of this retrospective study was to evaluate CHA managements, DHEs, 
and complications in patients who underwent shoulder arthroscopy in the BCP under general 
anesthesia (GA) between years 2017 and 2019.

Methods: After hospital’s ethic committee approval was obtained, medical records of 72 adult 
patients were retrospectively reviewed. Primary outcome measures were the frequency of CHA 
management and the incidence of DHE. Secondary outcome measures were to determine the 
stages of surgery at which DHEs have developed and the complications.

Results: CHA was required in 46 of total 72 patients (63.9%). Among those 46 patients, 
31 (67.4%) had at least one DHE. A total of 82 DHEs were detected in 49 patients whereas 
mean arterial pressure limits were normal (±30% of baseline) in the remaining 23 (68.1% 
vs. 31.9%; p<0.05). DHEs were recorded most frequently after BCP (p<0.05). All DHEs were 
promptly treated with the discontinuation of CHA and administration of vasopressor drugs. No 
neurological complication was observed.

Conclusions: GA in BCP caused DHEs and its incidence was increased by inducing CHA. It was 
concluded that neurological complications could be prevented when further decrease in blood 
pressure was avoided or promptly treated in case of a hypotensive event.

ABSTRACTDate submitted:
16.12.2019
Date accepted:
15.01.2020
Online publication date:
15.06.2020

Corresponding Author:
Mehmet Burak Eşkin MD, Health 
Sciences University Turkey, Gülhane 
Faculty of Medicine, Department of 
Anesthesiology and Reanimation, 
Ankara, Turkey
mehmetburak.eskin@sbu.edu.tr

ORCID:  
orcid.org/0000-0001-6781-9334

Keywords: Shoulder arthroscopy, 
outpatient surgery, beach-chair 
position, general anesthesia

©Copyright 2020 by the University of Health Sciences Turkey, Gülhane Faculty of Medicine / Gülhane Medical Journal published by Galenos Publishing House.

https://orcid.org/0000-0001-8489-5945
https://orcid.org/0000-0001-6781-9334
https://orcid.org/0000-0001-5306-1956
https://orcid.org/0000-0003-3240-6147
https://orcid.org/0000-0001-8374-1063
https://orcid.org/0000-0002-6876-2963
https://orcid.org/0000-0002-0527-8648


Özhan et al. Controlled hypotensive anesthesia in the beach-chair position under general anesthesia

fluid out of the joint, air embolism, and infection irrespective of 
positioning and anesthetic management. However, uncommon 
but devastating complications like stroke, cerebral cord ischemia, 
and transient visual loss have been reported for the BCP. The 
exact mechanisms of these complications are not clear, but 
studies have reported that intraoperative deep hypotension 
events may cause cerebral hypoperfusion which is defined as a 
reduction in mean arterial blood pressure (BP) below 50 mmHg. 
It is reported that deep hypotensive events may arise from 
upright positioning combined with GA (3-5). For this reason, it is 
advocated that the mean arterial BP should be kept in a range 
between 50 and 65 mmHg during shoulder arthroscopy, which 
does not blunt cerebral blood flow and autoregulation. However, 
a controlled hypotensive anesthesia (CHA) technique is often 
required to reduce blood loss and to improve visibility of surgical 
field during arthroscopy which may further increase cerebral 
hypoperfusion (4). 

The aim of this retrospective study was to evaluate the CHA 
management, deep hypotensive events, and complications in 
patients who underwent shoulder arthroscopy in the BCP under 
GA between years 2016 and 2018. Primary outcome measures 
were the frequency of CHA management and the incidence of 
deep hypotension events. Secondary outcome measures were 
to determine at which stages of the surgery deep hypotension 
events developed and perioperative complications. 

Methods
Approval from the Local Research Ethics Committee of 

our tertiary hospital was obtained before initiating the study 
(University of Medical Sciences Turkey, Gülhane Training and 
Research Hospital, project no: 18/102, date: 02.05.2018). 
After obtaining hospital ethic committee approval, medical 
files and anesthesia charts of the patients who underwent 
arthroscopic surgery were retrospectively evaluated. Inclusion 
criteria were unilateral elective shoulder surgery, arthroscopic 
procedure, and GA in the BCP. Exclusion criteria were urgent 
surgery, arthroscopic surgery converted to open surgery, BCP 
converted to lateral decubitus position, patients with history of 
cerebrovascular disease or neurological injury, and missing 
data.

Anesthetic management

GA was induced using intravenous (IV) propofol, fentanyl, 
and rocuronium. Propofol infusion or sevoflurane inhalation 
combined with IV remifentanil was used for the maintenance. 
CHA was induced in patients with a normal range of mean arterial 
pressure (MAP); i.e. ±20% of baseline MAP after surgical team 
stated that the quality of surgical exposure was not adequate due 
to bleeding. IV metoprolol or nitroglycerine was given to achieve 
CHA defined as a reduction in the MAP to a range of 60-70 mmHg 
or ±30% of baseline levels. Non-invasive BP measurement was 

used for American Society of Anesthesiologists (ASA) I patients 
while invasive BP measurement was used for the remaining 
patients. A deep hypotension event was defined when the 
MAP reduced to <50 mmHg or systolic BP to <90 mgHg. Deep 
hypotensive events were treated with the discontinuation of CHA, 
reducing of anesthetic drug doses, IV bolus fluid replacement, 
and administration of 5-10 mg IV ephedrine boluses. Patients 
were evaluated using the modified Aldrete Scoring System 
(mASS) after GA in the post-anesthesia care unit, and patients 
with a mASS score of >9 were transferred to the service.

Following data were collected and evaluated from patient’s 
files and anesthesia charts: a) demographic data: Gender, age, 
body height, weight, ASA physical status, and co-morbidity, 
b) duration of surgery (min.), c) anesthetic management, d) 
number of CHA management, e) number, duration, and stage of 
deep hypotensive events, f) perioperative complications, g) time 
to discharge (hours).

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 
version 21 (IBM SPSS Inc., Chicago, IL). Descriptive statistics 
were used as mean and standard deviation (Mean ± SD) for 
continuous data, and frequency and percentage (n, %) for 
categorical data. The normal distribution of the continuous data 
was evaluated with the Kolmogorov-Smirnov test. The abnormal 
distribution for continuous variables was analyzed using the 
Mann-Whitney U test between the groups whereas the Pearson 
chi-square test was employed for categorical variables. P<0.05 
was considered as statistically significant.

Results
Records of 96 patients were evaluated, and 24 of those 

patients were excluded due to missing data (Figure 1). 
Demographic data of the remaining 72 patients were shown in 
Table 1. The mean age was 49.84±15.25 years and co-morbidity 
rate was 50% as follows: Hypertension (20.8%), coronary artery 
disease (9.7%), diabetes mellitus (9.7%), coronary artery 
disease + diabetes mellitus (4.2%), and hypertension + diabetes 
mellitus (5.6%). 

Primary outcome measures: A minimum one episode of 
deep hypotensive event was recorded in 49 patients whereas 
the MAP levels were remained in normal range in the remaining 
23 patients [49 (68.1%) vs. 23 (31.9%); p<0.05]. It was observed 
that CHA was required in 46 patients and not required in 26 
patients (63.9% vs. 36.1%; p<0.05). Among 46 patients who 
received CHA, deep hypotensive event was recorded in 31 
patients while arterial BP remained in normal range in other 15 
patients (67.4% vs. 32.6%; p<0.05). On the other hand, a deep 
hypotensive event was recorded in 18 patients out of 26 patients 
who did not receive CHA [18 (69.2%) vs. 8 (30.8%); p<0.05]. 
The rate of deep hypotensive event was statistically insignificant 
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between patients who did receive CHA or not (67.4% vs. 69.2%; 
p>0.05). The total number of deep hypotensive events was 82. 
Primary outcome measures were summarized in Table 2. 

Secondary outcome measures: It was observed that 
deep hypotensive events developed most often after the BCP 

of patients followed by intraoperative period, in other words, 
after the start of CHA (p<0.05; Table 2). When the anesthesia 
records on the chart were evaluated, it was found that the 
duration of deep hypotensive events did not exceed 5 minutes. 
A total of 9 complications, which included 7 postoperative 
nausea and vomiting and 2 bronchospasms, were recorded 
in 7 of 72 patients. No neurological complications were 
observed.

Discussion
The results of this study showed that CHA was required in 

most of patients who underwent arthroscopic shoulder surgery. 
The incidence of deep hypotensive events was found to be 
mainly increased with the BCP combined with GA and further 
precipitated with the administration of CHA, but complications 
related to cerebral hypoperfusion were not observed throughout 
the procedure. Interventions to prevent further decreases in BP 
might preserve patient’s neurological status. 

As in other various surgeries, a clear and bloodless surgical 
exposure is important in arthroscopic shoulder surgery. It was 
reported that a pressure difference should be ensured between 
systolic BP and pressure in the subacromial space to produce 
a bloodless surgical field. Increasing the arthroscopic pump 
pressure, decreasing the systolic BP or a combination of both 
are generally used for this purpose. However, high irrigation 
pump pressure may cause excessive extra-articular fluid 
extravasation, which may progress to serious complications 
including neurovascular impingement and tracheal stenosis. 
So, a combination of both techniques (low pump pressure and 
induced hypotension) is much more preferred (6). 

Intraoperative induced hypotension is known to reduce 
perioperative blood loss and duration of the surgery up to 50% 
but may cause serious complications by decreasing perfusion of 
vital organs (4). Especially, neurological complications related 
to cerebral hypoperfusion may have a potential to progress to 
brain and spinal cord injury (5). Although the incidence of this 
complication is quite low (8 in 224275 patients) during shoulder 
arthroscopy, it is remarkable that all events were observed in 
the BCP under GA (3). Upright positioning of an awake patient 
activates sympathetic nervous system and thereby increases 
peripheral vascular resistance, which results in elevation of 
arterial BP. However, GA blinds baroreceptor responses which 
is required to correct of the effects of the gravity on the cerebral 
perfusion pressure. In addition, GA also prevents peripheral 
vascular resistance. In our study, it was found that nearly half 
of all deep hypotensive events were developed after positioning 
of patients. It was reported that the rate of intraoperative 
hypotension could be as high as 32% during GA in upright 
position (7). In our study, the rate of hypotensive events was 
similar between the patients who received or not received CHA. 
According to this, it may be conceivable that the BCP combined 
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Table 1. Demographic data, operation and discharge time
Parameter Result

Gender (n,%)
Female 36 (50%)
Male 36 (50%)

Age (yrs) 49.8±15.2
Height (cm) 167.0±10.8
Weight (kg) 79.5±13.3

ASA physical status
I 36 (50.0%)
II 28 (38.9%)
III 8 (11.1%)

Co-morbidity

None 36 (50.0%)
HT 15 (20.8%)
CAD 7 (9.7%)
DM 7 (9.7%)
CAD+CVD 3 (4.2%)
HT+DM 4 (5.6%)

Operation time (min.) 97.8±20.1
Discharge time (hrs) 20.8±4.7
ASA: American Society of Anesthesiologists, HT: Hypertension, CAD: 
Coronary artery disease, DM: Diabetes mellitus, CVD: Cerebrovascular 
disease, Yrs: Years, Hrs: Hours, Min.: Minimum

Table 2. Controlled hypotensive anesthesia and deep 
hypotensive events 
Parameter n (%) p*
Patients 
received CHA 
(n, %)

Yes 46 (63.9%)
<0.05

No 26 (36.1%)

Patients with 
DHE (n, %)

0 episode 23 (31.9%)
<0.05

≥1 episode 49 (68.1%)

Patients with 
DHE (n, %) 

Received CHA 31 (67.4%)
>0.05Not received 

CHA 18 (69.2%)

Number of DHE 
(total 82)

1 21 (42.9%)
>0.052 23 (46.9%)

3 5 (10.2%)

Stage of 
DHE in the 
perioperative 
period

After induction 12 (14.6%)

<0.05
After positioning 39 (47.6%)
During surgery 30 (36.6%)
After extubation 1 (1.2%)
In the ward 0 (0.0%)

*p<0.05 was considered as statistically significant.
MAP: Mean arterial pressure, CHA: Controlled hypotensive anesthesia, DHE: 
Deep hypotensive event (MAP ≤50 mmHg)
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with GA had an great effect on deep hypotensive events without 
the administration of CHA. 

CHA has been used for more than 60 years in anesthesia, 
but there are still controversies about the safe limits of the 
management (8). The common opinion is that the MAP 
should be kept above 60 mmHg, systolic BP above 90-100 
mmHg while maximum reduction in MAP should not exceed 
30% of basal levels (9). However, many studies revealed that 
regional cerebral desaturation episodes were diagnosed using 
near-infrared spectroscopy in about 80% of patients even 
intraoperative MAP was kept between ±%20 of baseline levels. 
However, any neurological complication was not reported 
(9,10). 

In our study, minimum one deep hypotensive episode was 
recorded in 68.1% of patients. Further decreases in MAP were 
prevented with interventions including the discontinuation 
of anesthetic and hypotensive agents and administration 
of ephedrine and fluid boluses. In a study by Gillespie et al. 
(11), a minimum one episode of a decrease in systolic arterial 
pressure below 90 mmHg was reported in all patients and the 
mean rates of decrease in systolic and mean arterial BP were 
36% and 42%, respectively. Among these patients, an ischemic 
change was detected with electroencephalography only in 3 
patients without any neurological impairment. Therefore, it was 
advocated that the risk of neurological complications may have 
a relationship with the severity of the deep hypotensive events 
as well as with its duration. In our study, although the exact 
duration of deep hypotensive event was not strictly recorded 
during the operation, anesthesia records revealed that any of 
deep hypotensive event did not exceed five minutes. 

Another debate continues on where the cuff of non-
invasive BP or transducer of invasive arterial pressure line 
places to correctly measure the BP at brain level. It is not 
exactly established whether a non-invasive BP measurement 
reflects cerebral BP. Also, the question concerns whether the 
transducer should be adjusted according to the level of the heart 
or of theear (external auditor meatus) (12). One opinion is that 
the measurement with non-invasive BP should be corrected 
according to the position of the patient’s head (a reduction in BP 
of 1 mmHg for each 1.25 cm height difference between the site 
of measurement and the brain) (9,13). In our daily anesthetic 
practice, the level of invasive pressure transducer or of non-
invasive pressure cuff is adjusted to the level of the heart but 
corrected to the level of the external auditor meatus to measure 
cerebral perfusion pressure. 

Our study has some limitations. Firstly, there was a lack of 
measurement of cerebral perfusion using electroencephalogram 
or near-infrared spectroscopy. Both are advanced and 
expensive techniques and need experience, which limit their 
use in daily practice. The second limitation is that the nature 
of the retrospective design of the study may cause selection 

errors and comparison bias. In order to prevent this, we tried 
to collect all data of patients and excluded 24 files with missing 
data (Figure 1).

Conclusion
As a result, it is concluded that the combination of the BCP 

with GA caused deep hypotensive events which were further 
precipitated by inducing CHA during shoulder arthroscopy. We 
think that neurological complications could be prevented when 
further decreases in BP would be avoided or promptly treated in 
case of a hypotensive event.
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